, impacting targets 2.1 and 2.2, which aim to end hunger and malnutrition. For example, decreased pasture quality in terms of the metabolizable energy content of the vegetation can lead to a potential total reduction in lamb production. In the UK this could amount to approximately a 4% reduction in 2020 compared to 2007 (ref. 14 ), resulting in reduced income generation (Goal 1). Improvements in refrigeration energy efficiency through HFC measures can also contribute to targets 2.1 and 2.2 by increasing the affordability of refrigeration and reducing food waste (target 12.3). Furthermore, measures such as intermittent aeration of continuously flooded rice paddies, farm-scale anaerobic digestion of manure from cattle and pigs, and banning of open-field burning of agricultural waste, can contribute to target 2.4 by improving sustainable agricultural production 16 . Finally, climate change is projected to adversely impact crop yields, particularly in low latitude regions through changes in temperature and rainfall patterns 17 . SLCP strategies lead to higher crop yields through reduced ozone concentrations and warming 1 Pre-mine degasification and recovery, and oxidation of methane from ventilation air from coal mines . Improved road-safety policies can minimize trade-offs Continued (Goal 13), and SLCP measures appear to offer greater potential benefits compared with CO 2 reduction during the next several decades 4, 17 . These SLCP measures, however, do not serve as an effective alternative to CO 2 reduction for mitigating climate change and its impacts over the longer term, where cumulative CO 2 emissions are the most important factor. Goal 3: good health and well-being. Outdoor (ambient) and household fine particulate matter (PM 2.5 ) air pollution is a major source of ill-health globally and is estimated to be responsible for 5.5-7 million premature deaths annually caused by strokes, heart disease, lung cancer, chronic obstructive pulmonary disease (COPD), and acute lower respiratory infections (ALRI) [18] [19] [20] . SLCP measures such as reducing diesel engine emissions, and increasing use of clean public transport, together with active travel (walking and cycling), can directly and indirectly improve public health by reducing outdoor air pollution exposure and increasing physical activity 9 . SLCP measures can contribute directly to achieving target 3.9 to reduce the numbers of deaths from pollution by preventing around 2.4 million deaths related to outdoor air pollution annually by 2030 (refs 4,5 ). Millions of additional lives can potentially be saved by reducing sources of household air pollution (HAP). Globally, close to 3 billion people still rely on traditional cooking and heating methods using solid biomass and fossil fuels and many millions rely on kerosene wick lamps, which are major sources of black carbon and HAP 8, 21 . Due to their traditional household responsibilities in many cultures, women and children suffer from a higher level of exposure to HAP, in comparison to men. Approximately 60% of HAP-related deaths globally occur in women and children (Goal 5) including more than half of all pneumonia deaths in children under the age of 5 years (ref. 21 ). Measures to reduce HAP can thus contribute to target 3.9 and target 3.2 (ending preventable deaths of newborns and children under 5 years of age) as well as target 3.4, to reduce premature mortality from non-communicable diseases (NCDs).
Finally, adopting diets that conform to WHO guidelines can reduce methane emissions, while also improving health-through reduced NCD risks (target 3.4)-largely due to increased consumption of vegetables, fruit, nuts and seeds and decreased consumption of animal products (particularly red and processed meat) in highconsuming populations 22 . Dietary change and reduction in food waste can also reduce emissions from CO 2 and N 2 O.
Goal 4: quality education. A number of SLCP measures can indirectly support Goal 4 by reducing poverty, HAP, improving public health, and increasing education opportunities 23 . Access to modern energy and lighting is important to support education. Clean cooking and heating measures can increase time for education, particularly for girls (see Goal 5) , by reducing time spent collecting fuel; these and HFC measures can also support educational opportunities by reducing household fuel costs and supporting poverty reduction (Goal 1). School-aged children also suffer from a high burden of ill-health due to HAP (Goal 3), which contributes to missed school days (as does ambient air pollution) and lowered educational outcomes.
Eliminating kerosene for lighting can indirectly support education by reducing household fuel costs, and also directly by improving the quality of light available for studying 23 . A typical kerosene wick lantern produces 0.7% of the illumination recommended for reading and as little as 0.1% of the light produced by an equivalent LED lantern 24 .
Goal 5: gender equality. Women and children are often responsible for fuel collection. This limits time available to engage in incomegenerating activities (Goals 1 and 8) , or in the case of children, to focus on education (Goal 4). This also places them at greater risk of injury or gender-based violence outside the home 25 . For these reasons, measures to provide modern cooking, heating, and lighting can benefit target 5.2 by reducing violence against women and target 5.5 by affording greater opportunities to participate equally in political, economic, and public life.
Goal 6: clean water and sanitation. SLCP measures could help improve water availability and quality for the estimated 663 million people lacking access to improved drinking water sources globally and at least 1.8 billion people without reliable access to potable water 26 . For example, in areas where sewerage and wastewater treatment infrastructure is already in place, upgrading secondary and tertiary sewerage and waste treatment to collect and utilize methane can support target 6.3 to halve the proportion of untreated wastewater. Using composting toilets may produce much lower methane emissions than pit latrines and can be economically competitive with other methane measures in organic waste sectors 27 . SLCP measures can also improve access to water resources by increasing rainfall in regions where drought and water shortages are Other measures as identified in other publications include eliminating kerosene wick lighting 8 , reducing black carbon from flaring in oil and gas facilities 10 , and supporting active travel aided by rapid mass transit and promoting healthy diets 9 . , or where black-carbon-loaded pollution causes a significant shift in the distribution of rainfall towards heavier downpours 29 .
Goal 7: affordable and clean energy. SLCP mitigation measures offer numerous opportunities for improving energy access. For example, the recovery and utilization of methane from coal mines, from the oil and gas sector, and landfills and wastewater treatment plants offers alternative fuels for energy generation, and contributes directly to target 7.1 on ensuring universal access to modern energy, while also contributing to resource-use efficiency (Goal 12). This will also contribute to income generation (Goal 8); one estimate suggests that about US$30 billion per year in revenue is lost worldwide due to methane leakage from oil and gas facilities 30 . Many SLCP measures also directly contribute to target 7.3 to double global energy efficiency. Measures to modernize brick kilns, coke ovens, and introduce clean cooking and heating alternatives all improve facility and equipment efficiency. Furthermore, simultaneous transitioning to low global warming potential (GWP) refrigerants along with mechanical improvements in energy efficiency in room air conditioning could save between 340 and 790 GW of peak power load globally 31 . Reducing energy demand will also reduce energy-related air pollution (Goal 3), and CO 2 emissions (Goal 13) for a given population. The replacement of traditional biomass cooking and heating stoves with more efficient alternatives will also improve resource efficiency and reduce deforestation (Goal 15). Cooking and heating stove projects can also support target 8.3 by creating opportunities for job creation and entrepreneurship 35 . Finally, capturing and utilization of methane from coalmines alongside good safety practices will reduce the risk of methane-related explosions 36 , thereby promoting safe and secure working environments (target 8.8).
Goal 9: industry, innovation and infrastructure. SLCP measures can contribute to target 9.4 aimed at upgrading infrastructure and retrofitting industries to make them sustainable. For example, replacing traditional brick kilns and coke ovens results in the adoption of cleaner, more energy efficient, and environmentally friendly technologies (Goal 8). HFC measures can also foster innovation as companies compete to manufacture better products 12 . SLCP measures can also protect infrastructure by slowing the rate of sea-level rise by approximately 18% by 2050 (ref. 37 ). The impact of rising oceans will impact key sectors in coastal and island states, including water resources (Goal 6), agriculture (Goal 2), and infrastructure, and will increase vulnerability of coastal communities (Goal 11) and their citizens (Goal 1) to flooding and storm surges.
Goal 11: sustainable cities and communities. Today, more than half of the world's population lives in cities and 88% of cities worldwide fail to achieve the WHO guideline levels for air pollution 38 . SLCP measures can directly contribute to target 11.6 to reduce the adverse environmental impact of cities by significantly reducing urban air pollution, improving public health, saving lives (Goal 3), and encouraging municipal waste management.
Clean cooking, heating, and lighting measures and improving appliance efficiency through HFC measures support target 11.1 to ensure access for all to adequate, safe and affordable housing and basic services and upgrade slums by reducing household fuel costs (Goal 1), providing affordable clean energy (Goal 7), and reducing HAP (Goal 3). Measures to reduce diesel engine emissions and support active travel directly support target 11.2 on safe, affordable, accessible and sustainable transport systems.
Goal 12: responsible consumption and production. Measures to reduce fugitive methane emissions from the oil and gas sector, from coal mines and farms, and municipal solid waste directly contribute to target 12.4 to achieve environmentally sound management and minimize adverse impacts on human health and the environment (Goals 2 and 3). HFC measures in the refrigeration sector can help achieve target 12.3, which aims to halve per-capita global food waste at the retail and consumer levels, and can also contribute to food security (Goal 2). Municipal solid waste measures, including separation and treatment of biodegradable waste, can also support target 12.5 through prevention, reduction, recycling and re-use.
Goal 13: climate action. Damages due to climate change are already upon us, affecting health and livelihoods, especially the poorest and most vulnerable. Furthermore, climate change is expected to increase the intensity and frequency of extreme events 39 . These impacts hamper the achievement of national development priorities, threaten to reverse many of the hard-fought improvements in public health, poverty reduction, education, and other development indicators, and put into peril the success of all SDGs.
Implementing SLCP measures with simultaneous deep cuts in CO 2 emissions increases the likelihood of meeting the 2 °C or less target in the twenty-first century. Mitigation of SLCPs can significantly reduce the rate of warming and protect against the increasing impacts of climate change during the near-term period relevant to the post-2015 development agenda 5 . Mitigation of SLCPs could help avoid 0.6 °C temperature rise by 2050 (refs 5, 6 ) and can cut the rate of global warming in half over this period 4, 5 . Significant mitigation of CO 2 is crucial to avoid later warming and decarbonization of the world economy is needed during this century: SLCP measures must be additional to, rather than a substitute for, decarbonization.
Nevertheless, reducing the near-term rate of warming can contribute directly to target 13.1 by allowing more time for ecosystems and human societies to adapt. A decrease in the rate of near-term global warming also can decrease intensity and frequency of extreme weather events 40 , which have been identified as important causes of poverty (Goal 1) 41 and which reduce the rate of sea-level rise 37 (see Goals 9 and 11). A number of SLCP measures can also directly and indirectly reduce CO 2 emissions through, for example, improvements in efficiency and therefore reduced energy and fuel use in a range of sectors. Promoting active travel and clean public transport can reduce fossil-fuel emissions by reducing vehicle use. Reducing household wood use for fuel can also reduce emissions from deforestation and protect carbon forest stocks (Goal 15).
Goal 15: life on land. Collecting wood for fuel and making charcoal, particularly in Least Developed Countries 42 , constitutes the second most important driver of forest degradation after timber extraction, responsible for about 31% of forest degradation globally 43 . SLCP measures such as clean cooking and heating stoves can support target 15.2 on sustainable management of forests and halting deforestation by reducing or eliminating domestic solid fuel use.
Implementing the SDGs
Implementing SLCP mitigation measures can contribute to the achievement of multiple SDG targets. As countries seek to incorporate SDG implementation into their national policy and planning processes, it is important that multiple benefits are assessed to identify actions and strategies that can help achieve several SDG targets, while minimizing conflicts and trade-offs. For most SLCP measures, there are synergies, often between many different SDGs and their targets. SLCP mitigation is complementary to CO 2 mitigation; many SLCP mitigation strategies can yield CO 2 mitigation co-benefits 10 and vice versa. The significant role that SLCP mitigation can play in achieving multiple SDGs suggests a need to develop nationally relevant SLCP-specific indicators. SLCP mitigation could also be a thematic area of focus in SDG implementation to mobilize stakeholders and resources for action.
The Climate and Clean Air Coalition to Reduce Short-Lived Climate Pollutants (CCAC) is a partnership among countries, intergovernmental and non-governmental organizations, with a secretariat in United Nations Environment (UNEP), which has the goal of catalyzing action towards the reduction of SLCPs (http://www. ccacoalition.org/en). The CCAC can provide guidance and institutional support both for developing national-level indicators and for implementing identified strategies through its 7 sectoral and 4 crosscutting initiatives. These include the SNAP (Supporting National Action and Planning on SLCPs) initiative that helps partners in building capacity and strengthening institutions with the ultimate goal of helping them embed nationally appropriate SLCP mitigation strategies and actions in their policies. Prioritization of mitigation strategies will depend on national development objectives, an emission inventory, barriers to implementation and available technologies, together with the availability of finance. Priority setting is part of the implementation of national planning by countries involved in the SNAP initiative. Our paper provides a framework to inform this and other decision-making by making linkages to the SDGs.
To capitalize on the inherent synergies between SLCP mitigation and the SDGs, it will be important to quantify the multiple benefits of SLCP mitigation policies, whilst addressing potential trade-offs, using standardized methodologies. Targeted efforts to communicate these multiple benefits to decision-makers are needed to incentivize deep cuts in SLCPs, for example through the Nationally Determined Contributions under the UNFCCC and regional air pollution cooperation initiatives (for example, the Regional Action Plan for Intergovernmental Cooperation on Air Pollution in Latin America and the Caribbean). The SDGs offer a powerful mechanism to address climate and development imperatives simultaneously. Integrating SLCP mitigation into the implementation of the SDGs can yield many benefits and is complementary to accelerated decarbonization efforts required to reduce long-term climate change.
